A novel multiplierless structure for maximally flat linear phase FIR digital filters is proposed. The structure is based on a recursive evaluation technique for Bernstein polynomials. It consists of identical multiplierless building blocks connected in a regular fashion.
Introduction: Transfer function of a low-pass, maximally flat (MAXFLAT), symmetric, zero phase FIR filter of order 2N can be written as [1] 
where L and K denote the degree of flatness at ω = 0 and ω = π respectively and N = L + K − 1. MAXFLAT FIR filters are characterised by the absence of ripples in the entire frequency band and infinite attenuation at ω = π. These filters can be implemented using a Direct Form Structure (DFS) with N + 1 multipliers after computing their impulse response [2] . Another approach is realising the transfer function directly in form of eqn. 1. However, the huge dynamic range of d i poses implementation problems for large values of K and L. This problem is solved in [3] and a structure with multiplier coefficients of reasonable dynamic range is proposed that requires only L − 1 or K − 1 multiplications. The performance of these structures would be degraded due to the finite word length constraint that is unavoidable in software or hardware implementation. As a result, the attenuation would not be infinite at ω = π and the resulting filter would not be strictly MAXFLAT.
Multipliers are the most expensive elements in the implementation process of digital filters. Though it is desirable to develop multiplierless digital filter structures, these structures can usually realise a given transfer function approximately.
The aim of this communication is to suggest a multiplierless structure that will realise the transfer function exactly.
Evaluation of Bernstein polynomials: Using Bernstein polynomials H(z) be-comes [4]
where
We may also obtain a structure based on the above representation. This would be equivalent to the evaluation of an N th order Bernstein polynomial H(x), defined on interval
. Evaluation of Bernstein polynomials occurs frequently in computer aided geometric Design. The de Casteljau algorithm is a recursive technique for this purpose [5] . The algorithm consists of N iterations and is started
After N iterations H N,N yields H(x).
Digital filter structure:
In a digital filter with x defined as above, H j,i can be viewed as the output of a digital structure with inputs H j−1,i−1 and H j−1,i . To obtain a causal structure, we multiply both sides of eqn. 2 by z −N . This results in recursion
for j = 1, 2, · · · , N and i = j, j + 1, · · · , N. The same simplification is possible for the highpass case.
Conclusion:
De Casteljau algorithm was used to obtain multiplierless MAXFLAT FIR filters. Compared with previous structures (DFS and [3] ), the structure is not subjected to finite word length effects and therefore the transfer function can be realised exactly. The regularity and modularity of the structure makes it an attractive candidate for VLSI implementation when high speed filtering is required. 
